tats of C. difficile include soil, water, and the intestinal tract of various animals. 17 Clostridium difficile has been isolated from several species of animals (cattle, camels, horses, donkeys, hamsters, snakes, pigs, cats, and dogs), but association of toxigenic strains with diarrhea has previously been reported only in dogs. 3 Most isolates of C. difficile associated with enterocolitis produce 2 toxins, toxin A (enterotoxin) and toxin B (cytotoxin). The mechanism by which toxigenic C. difficile causes a wide range of disease, from mild diarrhea to hemorrhagic necrotizing enterocolitis, is unknown. Toxin A causes hemorrhagic fluid accumulation in the ileum of rabbits with detachment of the epithelial cells, 21 seems to exert a long-term effect on the mucosa, and acts synergistically with toxin B. l9 Toxin B, a cytotoxin, is 1,000 times more cytotoxic to tissue culture cells than toxin A, but in the intestinal tract, it acts only after toxin A or trauma has injured the tissue. 19 The lesions caused by these toxins appear to develop as a result of a cytopathic effect on enterocytes and later effects on the vasculature of the villi. As a result, there is extensive extravasation of plasma proteins. 21
Diagnosis of C. difficile infection
Diagnosis of C. difficile enteritis must be established by both identification of toxins and isolation of C . difficile. Multiple fecal samples are needed for diagnostic evaluation due to the nonhomogeneous character of fecal specimens or more than 1 assay must be performed on a single specimen. A fecal specimen should contain approximately 25 g (or 25-50 ml of liquid) for culture and toxin assay. Swab specimens are inadequate for toxin detection because the volume is too small. Leak-proof containers should be used for transport of specimens to laboratories. Specimens can be transported at room temperature if they can be delivered to the laboratory within 3-4 hr. Toxins remain active in fecal specimens for 24 hr under refrigeration. Specimens should be frozen if more than 24 hr will be required for transporting them to the laboratory. They should be packaged in an insulated container with dry ice.
Cultural isolation and identification
Clostridium difficile was named with the adjective "difficult" because of "the unusual difficulty that was encountered in its isolation and study." 4 In culture, C. difficile grows slowly and is readily overgrown by other bacteria. Definitive identification of the organism may require up to a week. Clostridium difficile can be isolated from fecal specimens by use of alcohol or heatshock spore selection techniques and by using selective plating media. 1, 16 The development and commercial availability of the selective and differential medium, cycloserine-cefoxitin-fructose agar (CCFA), has facilitated isolation and presumptive identification of C. difficile. 9 A semiquantitative culture is done by inoculating approximately 0.1 g or 2 or 3 drops of feces onto a CCFA plate and streaking for isolation. On CCFA, C. difficile produces distinctive colonies after 48 hr of anaerobic incubation. The colonies are about 4-8 mm in diameter, low umbonate to flat in profile, yellow, and circular to irregular with a filamentous edge. The initial orange color of the media is changed to yellow for a few millimeters around the colonies. The colonies show a yellow fluorescence when exposed to ultraviolet light. Clostridium difficile produces a distinctive odor like that of p-creosol, also described as a "horsestable" odor. After 48 hr of incubation on anaerobic blood agar, colonies are nonhemolytic, 2-5 mm in diameter, and gray-translucent. Clostridium difficile readily produces oval, subterminal spores on blood agar but not on CCFA. Cells are about 0.5 by 3-6 μm.
Key identification characteristics include hydrolysis of esculin and gelatin, and fermentation of mannitol. These characteristics can be determined rapidly using the presumpto quad-plate system. l6 Metabolic products typically detected in PYG broth include acetic, isobutyric, butyric, isovaleric, valeric, and isocaproic acids. A large peak of isocaproic acid is the key characteristic that differentiates C. difficile from most other clostridia. Packaged commercial identification kits are available for accurate identification of C. difficile. 2, 12 Direct gas-liquid chromatography of fecal specimens for detection of isocaproic acid as a marker for C. difficile has been reported. lo In preliminary studies, we found that this procedure was not as sensitive in foals as culture and direct detection of cytotoxin.
Toxin detection
Diagnosis and successful treatment of C. difficileassociated disease in humans correlates directly with the presence of the potent exotoxins. Because some strains of C. difficile are nontoxigenic, demonstration of fecal toxins or in vitro production of toxin is necessary. The cytopathic effect produced by C. difficile cytotoxin can be detected efficiently in several types of cell cultures. 6 Cell rounding is generally observed, with occasional stringing of cytoplasmic processes and granularity of degenerated cells. The cytopathic effect is irreversible, but can be neutralized with specific antitoxin. Typical cytopathic changes can be observed within 4 hr when a high titer of toxin is present, at 24 hr for most specimens, and by 48 hr in nearly all positive specimens. Recently, a commercially produced tissue culture assay kit has become available that is easy to use in bacteriology laboratories and is accurate. 22, 26 The cytopathic toxin neutralization assay does not test for the enterotoxin. Recently, a latex agglutination test was marketed with the claim that it detected enterotoxin. However, the test does not detect enterotoxin, 20,23 b u t reacts with an antigen that is common to all strains of C. difficile regardless of toxigenicity and with some strains of C. botulinum, C. sporogenes, and Peptostreptococcus anaerobius. 18, 25 Clostridium difficile can produce both cytotoxin and enterotoxin, either one, or neither toxin depending on culture conditions. ll Therefore, enterotoxin-positive, cytotoxinnegative infections could occur, which indicates a need for an enterotoxin assay.
Conclusion
The recognition of C. difficile as a potential causative agent of enterocolitis in foals indicates a need for increased effort in veterinary diagnostic laboratories to isolate and identify this organism. If the enterotoxin is truly the most important toxin produced by this organism, a direct assay for it would be pragmatic. Increased diagnostic effort will better define the epizootiology of this organism and its significance as a pathogen. As the disease is better understood, treatment and prophylactic procedures can be evaluated.
